to suppress the invasion of hepatocellular carcinoma (hcc) cells into surrounding connective tissues during metastasis, we investigated the usefulness of sorafenib. in order to search for model cell lines, cell numbers were counted to reveal cell lines with the potential to proliferate in serum-free media. cell proliferation and cell motility were analyzed with the mtS and wound assay, respectively. 5-Bromo-2'-deoxyuridine (Brdu) labeling and mitotic and apoptotic indices were analyzed to assess the cell cycle and apoptosis. the expression levels of cyclin d1 and the cleavage of caspase-3 were analyzed by Western blotting. hlF cells exhibited growth in the serum-free medium, while the other cell lines examined did not. Sorafenib suppressed the cell proliferation and motility of the hlF cells in the serum-free media. Both indices of Brdu and mitotic potential decreased and the apoptotic index was increased in the serum-free media with sorafenib, suggesting that the cell cycle was suppressed and apoptosis was induced. the expression levels of cyclin d1 decreased and the cleavage of caspase-3 was noted in the serum-free media with sorafenib. Sorafenib may be suitable for molecular therapy to suppress the metastasis of hcc. minOru tOmizaWa 1 , FuminOBu ShinOzaKi 2 , taKaO SuGiyama 3 , ShiGEnOri yamamOtO 4 , maKOtO SuEiShi 3 and taKanOBu yOShida 5 departments of 1 Gastroenterology, 2 radiology, 3 rheumatology, 4 pediatrics, and 5 internal medicine, national hospital Organization Shimoshizu hospital, yotsukaido, chiba 284-0003, Japan
Introduction
long-term infection of hepatitis B or c virus causes hepatocellular carcinoma (hcc) in liver cirrhosis. during metastasis, hcc cells invade connective tissues consisting of collagen or elastic fiber, since HCC nodules are surrounded by fibrous septa even at an early stage (1, 2) . invading hcc cells survive with mitotic potential in connective tissue, which provides low nutrition and growth factors (2, 3) . it was revealed that a subclone of lewis lung carcinoma was resistant to apoptosis when compared to its parent (4) . this same phenomenon may occur during the invasion of connective tissue by hcc cells. For experiments involving the cell invasion of connective tissue, serum-free medium was used as a model of its microenvironment (5) .
Sorafenib is a multikinase inhibitor with high efficacy against tumors (6) . it suppresses cell proliferation and induces apoptosis in hcc cell lines (7) . Sorafenib has been proven to be effective for hcc and is used in clinical settings (8) . When sorafenib suppresses the cell proliferation and motility of hcc in invading connective tissue, it is believed that it can suppress metastasis at an early stage. however, there are no reports involving the use of sorafenib to suppress proliferation and motility in a serum-free condition.
We investigated the possibility that sorafenib suppresses the proliferation and motility of hcc cells in serum-free media to search for a molecular therapy for suppressing the invasion of connective tissue by hcc.
Materials and methods
Cell culture. the hcc cell lines (hlE, hlF, plc/prF/5, huh-7 and hep3B) and the hepatoblastoma cell lines (huh-6 and hepG2) were purchased from riken cell Bank (tsukuba, Japan) and cultured in dulbecco's minimum essential medium (dmEm) (Sigma, St. louis, mO, uSa) supplemented with 10% fetal bovine serum (FBS) (life technologies Japan, tokyo, Japan) in 5% cO 2 at 37˚C in a humidified chamber. cells (10 4 ) were spread onto each well of 6-well plates to count cell numbers. For the wound assay and analysis of 5-bromo-2'-deoxyuridine (Brdu) labeling, mitosis and apoptosis, cells were spread onto 4-well chambers (Becton dickinson, Franklin lakes, nJ, uSa).
Cell proliferation assay. cells were trypsinized, harvested and spread onto 96-well flat bottom plates (Asahi Techno Glass, Funabashi, Japan) at a density of 1,000 cells per well. Following 24 h of culture in dmEm with 10% FBS, medium was exchanged with dmEm without FBS to quench the FBS effects. after 24 h of culture in dmEm without FBS, sorafenib (JS research trading e Kfm, Wedel, Germany) was added to the medium. Seventy-two hours later, the
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3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2h-tetrazolium inner salt (mtS) assay was performed according to the manufacturer's instructions (promega corporation, tokyo, Japan). mtS was bio-reduced by the cells into a colored formazan product that reduces absorbance at 490 nm. the absorbance was analyzed with a multiple plate reader at a wavelength of 490 nm with a Bio-rad model 550 microplate reader (Bio-rad, hercules, ca, uSa). raw data were normalized against those of 0 µm sorafenib.
BrdU labeling, mitotic cells and apoptosis. cells were incubated with Brdu at 10 µm for 2 h and analyzed immunohistochemically according to the manufacturer's instructions (roche, tokyo, Japan). the numbers of cells positive for Brdu were counted for every 100 cells (Brdu labeling index). the numbers of cells during the mitotic phase were counted for every 100 cells using h&E-stained slides (mitotic index). apoptotic cells were detected by terminal deoxynucleotidyl transferase-mediated nick end labeling assay (tunEl) staining, according to the manufacturer's instructions (Wako, Osaka, Japan). the numbers of cells positive for tunEl were counted for every 100 cells (apoptotic index). For each index, the numbers of cells were counted for every 100 cells from five different fields.
Wound assay. a cut was made amid the cells with a sterile razor 24 h after plating onto 4-well chamber and cells were stained with h&E 72 h later (9) . For each experiment, the number of hlF cells migrating >150 µm per 100 µm cut surface was counted using microscopic images.
Western blot analysis. protein was isolated from the cells after 72 h of culture in a serum-free medium. protein (20 µg) was subjected to sodium dodecyl sulphate polyacylamide gel electrophoresis and transferred to a nylon filter. Primary antibodies were rabbit monoclonal anti-cyclin d1 antibody (cell Signaling technology, danvers, ma, uSa), rabbit monoclonal anti-caspase 3 antibody (cell Signaling technology) and mouse monoclonal anti-tubulin-α antibody (lab Vision, Fremont, ca, uSa). Secondary antibodies were the horseradish peroxidase (hrp)-linked anti-rabbit antibody and the hrp-linked anti-mouse antibody (both from GE healthcare uK ltd., Buckinghamshire, uK). dilutions were 1:500 for the primary antibodies and 1:1,000 for the secondary antibodies. The filter was reprobed with anti-tubulin-α antibody. The specific antigen-antibody complexes were visualized by enhanced chemiluminescence (GE healthcare uK ltd.).
Statistical analysis. One-factor analysis of variance was performed with Jmp5.0J (SaS institute Japan, tokyo, Japan). Values of P<0.05 were accepted as statistically significant.
Results
We first analyzed the growth curve of all of the cell lines in media with or without FBS. in media with FBS, the cell numbers of all of the cell lines increased (Fig. 1a ). the hlF cells exhibited rapid growth in the media without FBS when compared to growth in the media with FBS (Fig. 1B) . cell numbers of the other cell lines decreased compared to the hlE and hlF cells. Since the hlF cells grew most rapidly compared to the other cell lines examined in the media without FBS, hFl cells were used for further analysis. to examine the suppression of cell proliferation by sorafenib, the mtS assay was performed. in the media with FBS, cell proliferation of the hlF cells was suppressed at 3 µm sorafenib ( Fig. 2a ). in the media without FBS, suppression of cell proliferation occurred at 1 µm sorafenib (Fig. 2B ). at 10 µm sorafenib, the mtS assay was 61±1% (mean ± standard deviation) in the media with FBS, while it was 2.6±0.16% in the media without FBS (p<0.05), almost the same level as in the media with FBS at 100 µm sorafenib (2.7±1.3%) (Fig. 2B) .
the wound assay was performed to analyze the effect of sorafenib on cell motility under a serum-free condition (Fig. 3a) . in the media without FBS, 2±0.5% hlF cells migrated >150 µm, which was significantly lower than that in the media with FBS (p<0.05) (Fig. 3B ). no cells moved >150 µm in the serum-free media with sorafenib.
to clarify the effect of sorafenib on the cell cycle, the Brdu labeling and mitotic indices were analyzed. Brdu labeling index decreased in the media without FBS (9.2±3.2%) as compared to the index in the media with FBS (15.7±1.3%) (p<0.05) (Fig.  4a) . upon the addition of sorafenib in the media without FBS, the BrdU labeling index significantly decreased to 1.5±1.2% (p<0.05). the mitotic index decreased to 0.4±0.55% in the media without FBS, which was significantly lower than the index in the media with FBS (3.6±0.55%) (p<0.05) (Fig. 4B) . upon the addition of sorafenib in the media without FBS, the mitotic index was 0%. to assess the apoptosis in the serumfree condition, the tunEl assay was applied. the ratio of apoptotic cells did not differ between cells in the media with or without FBS (1.5±0.6 and 1.4±0.5%, respectively) ( Fig. 4c) . Sorafenib significantly increased the ratio of apoptotic cells to 6.3±1.2% in the medium without FBS.
Western blot analysis (Fig. 5 ) was carried out to ascertain the mechanism of suppression of the dna synthesis and stimulation of apoptosis by sorafenib. the expression of cyclin 
Discussion
In the present study, HLF cells significantly exhibited more rapid proliferation in the media without FBS compared to the other cell lines examined, while hlE cells marginally exhibited proliferation. hlE and hlF cells are cloned from undifferentiated hcc and maintain the morphological features of poorly differentiated hcc such as a spindle shape (10) . hlF cells exhibit the same shape in media with or without FBS, but their proliferation in a serum-free condition has not yet been analyzed (11) . Our data clearly showed the significant proliferation of HLF cells in the media without FBS. although the mechanism is unclear, hlF cells were found to maintain proliferation potential under a serumfree condition due to genetic alteration, such as p53 (11) . intriguingly, cells invading connective tissues surrounding hcc exhibit a spindle shape similar to hlF cells (2) . in the present study, although the proliferative potential of the hlF cells in the media without FBS was weaker than that in the medium with FBS, as shown by the Brdu labeling and mitotic indices, they grew more rapidly than the other cell lines studied (Fig. 1B) . the apoptotic index and the level of cleavage of caspase-3 of the hlF cells in the media without FBS was the same as those in the media with FBS. hlF cells may survive under a serum-free condition not causing apoptosis for an unknown reason. a subclone of lewis lung carcinoma was found to be resistant to apoptosis with a lower expression of caspase-3 (4) . these data indicate that the surviving cells were resistant to apoptosis. hlF cells still marginally maintained the potential of motility. hlF cells were, thus, further analyzed as a model of the invastion of connective tissues by hcc cells.
in our study, 10 µm of sorafenib suppressed cell viability to 61% in the media with FBS, which is higher than that in a previous report on plc/prF5 and hepG2 cells (7) . this may be due to the fact that hlF cells have stronger proliferative potential than plc/prl/5 and hepG2 cells (Fig. 1a) . under a serum-free condition, suppression of cell viability was noted at 1 µm of sorafenib and declined to 2.6% at 10 µm. these data suggest that a lower dose of sorafenib can suppress cell viability of hlF cells in a medium without FBS to a greater exent than that in medium with FBS. Sorafenib suppressed the cell cycle and stimulated apoptosis (Fig. 4) . Sorafenib was also found to induce apoptosis in plc/prl/5 cells (7) . Our data showed that sorafenib induced apoptosis in a serum-free condition. notably, sorafenib completely abolished cell motility, as shown in the scratch assay ( Fig. 3) . these data indicate that sorafenib suppresses, not only cell proliferation, but also cell motility. Sorafenib significantly suppresses invasion of hcc cells to surrounding connective tissues. 
